Aims. A sample of 427 gamma-ray bursts (GRBs), measured by the RHESSI satellite, is studied statistically with respect to duration and hardness ratio. Methods. Standard statistical tests are used, such as χ 2 , F-test and the maximum likelihood ratio test, in order to compare the number of GRB groups in the RHESSI database with that of the BATSE database. Results. Previous studies based on the BATSE Catalog claim the existence of an intermediate GRB group, besides the long and short groups. Using only the GRB duration T 90 as information and χ 2 or F-test, we have not found any statistically significant intermediate group in the RHESSI data. However, maximum likelihood ratio test reveals a significant intermediate group. Also using the 2-dimensional hardness / T 90 plane, the maximum likelihood analysis reveals a significant intermediate group. Contrary to the BATSE database, the intermediate group in the RHESSI data-set is harder than the long one. Conclusions. The existence of an intermediate group follows not only from the BATSE data-set, but also from the RHESSI one.
Introduction
In the years 1991 − 2000 cca 3000 gamma-ray bursts (GRBs) were detected by the BATSE instrument on board the Compton Gamma-Ray Observatory (Meegan et al. 2001) . After the end of this mission (June 2000) the number of discovered GRBs decreased (down to ∼ 100 − 200 GRBs annually) due to different observational methods on the operating satellites. Any observational GRB database from the period 2000 and latter, can have a great importance. Such important GRB observations are records obtained by the RHESSI satellite (Holman et al. 2008) ∼ 70/year.
Originally it was found (Kouveliotou et al. 1993 ) that there exist two GRB classes: the short one with durations 2 s and the long one with durations 2 s. This was confirmed with GRB data from the Konus-Wind instrument (Aptekar et al. 1998 ). However, some articles point to the existence of three classes of GRBs in the BATSE database with respect to their durations (Horváth 1998 , Horváth 2002 . The work Horváth et al. (2008) , using maximum likelihood ratio test on durations, gives that there is a statistically significant intermediate group in the Swift data-set. Also Horváth et al. (2004) and Horváth et al. (2006) claimed that, when using a 2-dimensional plane of hardness ratio vs. duration, three classes of GRBs can be found
Send offprint requests to: J.Řípa in the BATSE data-set. Mukherjee et al. (1998) pointed to the existence of three GRB classes in multiparameter space. In another multidimensional analysis of the BATSE catalog by Chattopadhyay et al. (2007) it is argued that at least three clusters of GRBs are found. Some articles also say that the third class (with intermediate duration), observed by BATSE, is a bias caused by an instrumental effect (Hakkila et al. 2000) . In Hakkila et al. (2004) there is a review and discussion of GRB classifying, based on statistical clustering and data mining techniques, placing the intermediate group as a separate source population in doubt.
The purpose of this paper is to investigate the number of GRB groups in another data set, namely in the GRB data set provided by the RHESSI satellite. Although the main goal of the RHESSI satellite is the study of solar physics, it has a useful set of GRB observations also covering the period 2002 − 2004. Hence its study can be maximally useful. Trivially, any comparison of different catalogs using different instruments is useful for an independent confirmation of previous results.
In the first step the 1-dimensional duration distribution of GRBs observed by RHESSI is analysed, and in the second step the two-dimensional plane of hardness ratio vs. duration is used. In order to determine the number of GRB groups, standard statistical tests described in Trumpler & Weaver (1953) , Press et al. (1992) , Zey et al. (2006) are used.
The paper is organized as follows: in section 2, the RHESSI satellite and the analysed data-set are described. In section 3, we present the duration distribution for the RHESSI GRBs and its analysis. In section 4, the 2-dimensional hardness ratio vs. duration distribution and the maximum likelihood fit of these data are presented. In sections 5 and 6, the discussion and conclusion follow. At the end, the RHESSI data-sample is listed.
The RHESSI Data Sample
The Ramaty High Energy Solar Spectroscopic Imager (RHESSI) is a NASA Small Explorer satellite designed to study hard Xrays and gamma-rays from solar flares (Lin et al. 2002) . It consists mainly of an imaging tube and a spectrometer. The spectrometer consists of nine germanium detectors (7.1 cm in diameter and a height of 8.5 cm) (Smith et al. 2002) . They are only lightly shielded, thus making RHESSI also very useful to detect non-solar photons from any direction (Smith et al. 2003 ). The energy range for GRB detection extends from about 30 keV up to 17 MeV. Over a wide range of energies and GRB incoming directions, the effective area is around 150 cm 2 (Wigger et al. 2006b ). With a field of view of about half of the sky, RHESSI observes about one or two GRBs per week. Photon hits are stored event-by-event in onboard memory with a time sampling of ∆t = 1 µs resolution. The energy resolution for lines is excellent: ∆E = 3 keV at 1000 keV.
We used the RHESSI GRB Catalog (Wigger et al. 2008 ) and the Cosmic Burst List (Hurley 2008) (Hurley 2007) , the RHESSI data are searched for a GRB signal. Therefore, in our data-set there are only GRBs, which are also observed by other instruments. The biggest overlap is with Konus-W. About 85 % of all RHESSI GRBs are also observed by Konus-W (Wigger et al. 2006a) .
For a deeper analysis we have chosen a subset of 427 GRBs with a signal/noise ratio better than 6. We have used the SolarSoftWare (Freeland et al. 2008) program running under the Interactive Data Language (RSI IDL) programming application as well as our own IDL routines to derive count light-curves (with the time resolution better than 10 % of the burst's duration for the great majority of our whole data-set) and count fluences from the rear detectors' segments (except number R2) of the RHESSI spectrometer (Smith et al. 2002) in the energy band from 25 keV to 1.5 MeV. This data-set (together with the time resolutions of derived light-curves) are listed in the Table 7 −  Table 13 .
Duration Distribution
First we study the 1-dimensional duration distribution. We use T 90 as the GRB duration, i.e. the time interval during which the cumulative counts increase from 5 % to 95 % above background (Meegan et al. 2001 ). The T 90 uncertainty consists of two components. We make an assumption that one is given by the count fluence uncertainty during T 90 (δt s ), which is given by Poisson noise, and the second one is the time resolution of derived lightcurves (δt res ). The total T 90 uncertainty δt was calculated as δt = δt 2 s + δ 2 res . The histogram of the times T 90 gives a distribution with two maxima: at approximately 0.2 s and 20 s (Fig. 1.) . The histogram consists of 19 equally wide bins on logarithmic scale (with base 10) starting at 0.09 s and ending at 273.4 s.
We follow the method done by Horváth (1998) and fitted one, two (Fig. 1.) and three (Fig. 2. ) log-normal functions and used the χ 2 test to evaluate these fits. The minimal number of GRBs per bin is 4 (last bin), hence the use of the χ 2 test is possible.
In the case of the fit with one log-normal function we obtained χ 2 ≃ 157 for 17 degrees of freedom (dof). Therefore, this hypothesis is rejected on a smaller than 0.01 % significance level.
The fit with two log-normal functions is shown in Fig. 1 and the fit with three log-normal functions in Fig. 2 . The parameters of the fits, the values of χ 2 , the degrees of freedom and the goodness-of-fits are listed in Table 1 .
The assumption of two groups being represented by two lognormal fits is acceptable, the fit with three log-normal functions even more. The question is whether the improvement in χ 2 is statistically significant. To answer this question, we used the Ftest, as described by Band et al. (1997) , Appendix A. The F-test gives a probability of 6.9 % of the improvement in χ 2 being accidental. This value is remarkably low, but not low enough to reject the hypothesis that two log-normal functions are still enough to describe the observed duration distribution.
In order to know how the T 90 uncertainties effect our result, we randomly picked up one half of the bursts and shifted their durations by the full amount of their uncertainties to lower values and the second half to higher values. Then we made a histogram and recalculated the best fitted parameters, χ 2 and F-test. The results for ten such calculations are listed in the Table 2 . This method also gives us information how the fitted parameters vary, and thus tells what are their uncertainties. From Table 2 we see that, on average, the improvement in χ 2 is not significant. Therefore, we can not proclaim acceptance of three groups by using this statistical method.
Since the number of GRBs is low for many bins, we also used the maximum likelihood method (see Horváth 2002 and the references therein) in order to fit two and three log-normal functions on the RHESSI data-set.
The parameters are listed in the Table 3 .
As the difference of the logarithms of the likelihoods ∆ ln L = 9.2 should be half of the χ 2 distribution for 3 degrees of freedom (Horváth 2002) , we obtain that the introduction of a third group is statistically significant on the 0.036 % level (of being accidental).
To get an image how T 90 uncertainties effect our result, we proceed similarly as in the χ 2 fitting and generated ten different data-sets randomly changed in durations by the full amount of their uncertainties. The results are presented in the Table 4 . From this table it is seen that all ten simulations give probabilities, that introducing of the third group is accidental, much lower than 5 %. Thus, the hypothesis of introducing third group is highly acceptable. 
Hardness Ratio vs. Duration
A two-dimensional scatter plot of RHESSI GRBs is shown in Fig. 3 and Fig. 4 . One axis is the duration T 90 , used in the previous section, the other axis is a hardness ratio. The hardness ratio is defined as a ratio of two fluences F in two different energy bands integrated over the time interval T 90 . For the RHESSI data-set, we used the energy bands (25 − 120) keV and (120 − 1500) keV, i.e. H = F 120−1500 /F 25−120 .
Using the maximum likelihood method (see Horváth et al. (2004) , Horváth et al. (2006) and the references therein), we fit two and three bivariate log-normal functions in order to search 
6.9 Table 2 . The minimal χ 2 , corresponding goodness-of-fits and F-tests for fitted two and three log-normal functions on the RHESSI GRB T 90 distribution for ten different changes of durations by their uncertainties.
2 log-normal 3 log-normal F-test for clusters. In Fig. 3 ., we show the best fit of two bivariate log-normal functions (11 independent parameters, since the two weights must add up to 100 %). The parameters are listed in Table 5 . One result is that the short GRBs are on average harder than long GRBs. Having a closer look at the GRB distribution within the short class, one can see that the points within the 1σ ellipse are not evenly distributed. They cluster towards the shortest durations (Fig. 3 ).
The fitting with the sum of three groups (17 independent parameters) is shown in Fig. 4 . The fitted parameters are listed in Table 5 . The former short group is clearly separated into two parts. As far as one can tell by sight, the data points scatter evenly within (and around) the 1σ ellipses.
As the difference of the logarithms of the likelihoods ∆ ln L = 10.9 should be half of the χ 2 distribution for 6 degrees of freedom (Horváth et al. 2006) , we obtain that the introduction of a third group is statistically significant on the 0.13 % level (of being accidental).
To get an image how GRB durations and hardness ratio uncertainties effect our result, we proceed similarly as in the χ 2 fitting and generated ten different data-sets randomly changed in durations and hardness ratios by the full amount of their uncertainties. The results are presented in the Table 6 . From this table it is seen that almost all simulations give probabilities, that introducing of the third group is accidental, much lower than 5 %. Thus, the hypothesis of introducing the third group is highly acceptable. 
Discussion
The analysis of the 1-dimensional duration distribution, by the χ 2 fitting, reveals the class of so called long GRBs (about 83 % of all RHESSI GRBs) with typical durations from 5 to 70 seconds, the most probable duration being T 90 ≈ 19 s. Another class are short GRBs (about 9 % of all RHESSI GRBs) with typical durations from 0.1 to 0.4 seconds, the most probable duration being T 90 ≈ 0.21 s. By fitting 3 log-normal functions we find a third class (about 8 % of all RHESSI GRBs) with typical durations from 0.8 to 3 seconds, the most probable duration being T 90 ≈ 1.5 s. The existence of the intermediate class from the RHESSI T 90 distribution is not confirmed on a sufficiently high significance using only the χ 2 fit. However, the maximum likelihood ratio test on the same data reveals that the introduction of a third class is statistically significant. The χ 2 method might not be as much sensitive and hance decisive as the likelihood method, because of the low number of bursts in our data-sample (Horváth et al. 2008, 2 nd section, 1 st paragraph). The hardness ratio vs. duration plot for the RHESSI sample does further demonstrate the existence of a third class. The typical durations are very similar to the ones obtained with the 1-dimensional analysis, the percentages are slightly different (≈ 86 % long, ≈ 9 % short, ≈ 5 % intermediate).
Three classes of GRBs were also reported for the BATSE GRBs (Horváth et al. 2006 ) and the Swift GRBs Table 5 . Parameters of the best fit with two and three bivariate log-normal functions done by the maximum likelihood method on the RHESSI data. µ x are the means on the x-axis (x = log T 90 ), µ y are the means on the y-axis (y = log H), σ x are the dispersions on the x-axis, σ y are the dispersions on the yaxis, r are the correlation coefficients, w are the weights of the distribution and L 2 , L 3 are the likelihoods. Given uncertainties are standard deviations of the parameters obtained by ten different fittings of data-sets, where the durations and hardness ratios were randomly changed by their uncertainties. (Horváth et al. 2008) . For BATSE, ≈ 65 % of all GRBs are long, ≈ 24 % short and ≈ 11 % intermediate (Horváth et al. 2006 Table 2. of that article). The typical durations found for BATSE are roughly a factor 2 longer than for RHESSI, but consistent for all three classes. As is known from BATSE, also in the RHESSI data-set, the short GRBs are on average harder than the long GRBs. The most remarkable difference is the hardness of the intermediate class. In the BATSE data, the intermediate class has the lowest hardness ratio, which is anti-correlated with the duration (Horváth et al. 2006 ), whereas we find for the RHESSI data that its hardness is comparable with that of the short group and correlated with the duration, but this correlation is not conclusive because of its large error. The hardness of the intermediate class found with RHESSI is surprising since the intermediate class in the BATSE data was found to be the softest. This discrepancy might by explained by the different definitions of the hardnesses. The hardness H for the RHESSI data is defined as H = F 120−1500 /F 25−120 , whereas for the BATSE data H = F 100−320 /F 50−100 , where the numbers denotes energy in keV (the BATSE fluences at higher energies than 320 keV are noisy (Bagoly et al. 1998) ). This means that hardnesses do not measure the same bursts' behaviours. Even more different is the situation if we compare hardnesses in the Swift and RHESSI databases, because the Swifts' hardnesses are defined as H = F 100−150 /F 50−100 and H = F 50−100 /F 25−50 (Horváth et al. 2008 , Sakamoto et al. 2008 ).
The shorter durations of the RHESSI GRBs compared to the BATSE GRBs can be understood: For RHESSI, which is practically unshielded, the background is high (minimum around 1000 counts per second in the (25 − 1500) keV band) and varies by up to a factor 3. Additionally, RHESSI's sensitivity drops rapidly below ≈ 50 keV. Weak GRBs (in the sense of counts per second) and soft GRBs are not so well observed by RHESSI. Since GRBs tend to be softer and weaker at later times, they will sooner fall beyond RHESSI's detection limit, resulting in a shorter duration.
For Swift, ≈ 58% of all GRBs are long, ≈ 7% short and ≈ 35% intermediate (Horváth et al. 2008 ). The percentage of each group depends obviously on the instrument.
Conclusion
The RHESSI data confirm that GRBs can be separated into a short and long class, and that the short GRBs are on average harder than the long ones. The two-dimensional analysis in the hardness/duration plane as well as the maximum likelihood fit of the duration distribution show a third class with intermediate duration and similar hardness as the short class. Table 7 . The RHESSI GRB data-set including I. GRB names which correspond to dates (the letters after GRB names are internal and do not have to be in accordance with e.g. GCN GRB names), II. GRB peak time, III. T 90 duration, IV. time resolution δt res (described above) and V. hardness ratios. 
